Aim: We aim to define the values of the shear wave velocity (SWV) in the normal parotid glands (PG) and to identify the modifications of tissue stiffness in patients with irradiated nasopharyngeal carcinoma. Material and methods: Sixty normal parotid glands pertaining to 30 healthy volunteers and 40 pathological parotid glands pertaining to 20 patients who had had underwent radiation therapy for nasopharyngeal carcinoma were included in this study. The patients underwent a B mode ultrasonography examination and the volume of the parotid gland was determined. A subsequent Acoustic Radiation Forde Impulse Imaging (ARFI) examination was performed and the SWV were determined for the central and the periphery of the glandular parenchyma. Results: The mean volume of the gland in the volunteers' group (12.02±0.6 ml) was significantly higher than in the group of patients who underwent radiation therapy (10.3±0.74 ml) (p<0.0001). The SWV values in the normal group were lower compared to the patients group (1.54±0.6 m/s vs. 1.76±0.73 m/s, p<0.0001). Conclusion: Elastography using the ARFI technique constitutes an objective method used for the evaluation of glandular stiffness in both normal and post radiotherapy glands. The SWV values determined in patients who underwent head and neck radiotherapy are increased, indicating a greater tissue stiffness thereby implying a structural transformation of the glandular parenchyma.
Introduction
Head and neck malignancies are considered to be common cancers, representing a total of 6.4% of all cancer pathologies in Europe, with the highest incidence in Central and Eastern Europe [1] . In Romania the number of head and neck malignancies has increased in the last decades, a significant number of the patients being already stage IV when admitted [2] . Next to the surgical approach, radiotherapy is considered to be an important treatment and management approach of the head and neck cancers [3] .
Despite the recent advancements in the field of radiotherapy, the side effects of the irradiation of the surrounding tissues such as osteoradionecrosis, xerostomia, mucositis, and altered taste, cannot be completely avoided, thus affecting the patients quality of life [3, 4] . Xerostomia is one of the most important oral complications of radiotherapy received for the head and neck malignancies and occurs as a result of the damage brought by irradiation of the salivary parenchyma [5, 6] . The reduced flow and viscosity of the saliva is a direct result of the damage brought to the radiation sensitive glandular parenchyma and its subsequent reduced salivary gland function [6] . Studies have shown that there are definite links between the exposure of the glands to radiation and the subsequent size reduction [6] and change in the blood flow of the parotid glands [7] . The parotid gland (PG) function was found to be dose dependent [7, 8] ; the threshold beyond which the damage to the glandular parenchyma becomes prominent may lay around 30-40 Gy [4] .
Ultrasonography (US) is considered to be the imaging method of choice for the initial evaluation of the PG. Due to the gland's superficial position most of its parts are accessible to high frequency linear probes (9-18 MHz), except for its deeper medial component. The healthy parotid is characterized by a homogeneous echo structure and an echogenicity similar to that of the thyroid gland [9] . However, the sonographic picture does not reflect the secreting ability of the gland. The imaging possibilities of US in radiation-induced sialadenitis are not sufficient, and the usefulness of this method in predicting xerostomia is very limited [10] .
Elastography is an ultrasonographic noninvasive, new method used for assessing the elastic properties of a tissue. Shear wave elastography (SWE) uses the acoustic radiation force impulse technique (ARFI) with successive pulses generated by the system which in turn generates shear waves (SW) in the investigated tissue A higher tissue stiffness results in faster shear wave propagation (e.g. in fibrosis). [11] [12] [13] [14] . Some authors have previously demonstrated changes in the sonographic appearances of irradiated PGs and were in the greater part qualitative or, at best, semi quantitative [15] . To our knowledge there is no data in the literature regarding the normal values of the SWV for the PGs and about the utility of this procedure in order to make an accurate diagnosis in some diseases of the PG.
Therefore the aim of this study is to define the mean values of the SWV in the normal PG and to identify if the head and neck therapeutic irradiation has an impact on the stiffness of the salivary gland parenchyma that is reflected in SWV deviations from normal values.
Material and method

Patients
This is a prospective cross-sectional study conducted between February and April 2012. During this period 50 subjects were included and pertained to two groups. Group A consisted of 30 healthy controls (male:female = 15:15, mean age of 27 years, range 19-51 years) and was used to determine the PG's normal SWV values. The inclusion criteria were represented by: no previous medication or pathologies that may have altered the function or the structure of the salivary glands, normal general health status, normal values for the saliva flow rate test, normal aspect of the glandular parenchyma during ultrasound grey scale and Doppler examination. Group B comprised 20 subjects (male:female = 10:10, mean age 51 years, range 28-67 years) who underwent radiation therapy for nasopharyngeal carcinoma. The inclusion criteria for this group were: normal general health status, history of radiation therapy of the head and neck region of at least 35 Gy for nasopharyngeal carcinoma in the last 6 months, reduced saliva rate flow demonstrated using a standard saliva test, no salivary gland pathologies prior to radiation. The exclusion criteria consisted of: patients aged over 70 and surgical resection of the PG.
The study was approved by the Ethics Committee of the University. All procedures were in accordance with the Committee's standards and with the Helsinki Declaration of 1975, as revised in 2013. The aim and the procedure of the study were explained to the patients and informed consent was obtained from each patient before their enrolment.
Radiotherapy protocol
All the patients in Group B underwent external radiation beam therapy using the Primus linear accelerator (Siemens, Germany) and a conventional unmodulated technique. The therapy was delivered with the help of two laterally opposed fields for the nasopharynx and upper cervical region -which extended towards the external auditory canal and included the parotids. Also an anterior cervical field with a middle shield for the lower cervical region was practiced. The total radiation dose for the nasopharynx, upper cervical area and PGs was 68-70 Gy (per 35 fractions and per 51 days). The lower cervical region received 48-50 Gy (per 25 fractions and per 37 days). Concomitant chemotherapy was also conducted. In all, each patient received 4 chemotherapy cycles, each with a time span of one week. The medication was composed of Cisplatin 100 mg/m 2 and Epirubicin 70 mg/m 2 , both administered intravenously on the first day of each cycle. The mean interval between the end of the radiation therapy and ARFI evaluation was 128.9 ±24.43 days (range 92-162 days).
Ultrasound examination All the examinations were performed by the same examiner (AT with 4 years experience in the field). The machine used was a Siemens Acuson S2000 equipped with a multifrequence (8-14 MHz) linear transducer. The procedure of the examination was as follows: the subject was positioned in dorsal decubitus, the head was slightly extended and the examined PG faced upwards. The patients were asked to breathe normally and not to swallow during the SWV quantification.
The examination started with a 2D grey-scale US. Transverse and longitudinal sonograms with subsequent diameter measurements of the PG were obtained. The volume was calculated automatically by the system using the three longest diameters (measured perpendicularly) and a multiplication factor of 0.52 [16] .
The SWV measurements were realized from a transversal scan in the upper third of the gland. The anatomical landmarks of the plane were: ramus of the mandible (anterior); body of the PG (posterior to the ramus); tip of the mastoid process (posterior). Transducer pressure was at a minimum level and a fixed position was maintained. The measurements were acquired by placing the predefined measurement sample (ROI) in two locations within the body of the gland: first in the peripheral subcapsular parenchyma; second in the centre of the gland (more profound but immediately adjacent to the first region). The placement of the sample avoided the main vascular branches (assessed by Colour Doppler) and the depth was no more than 1.5 cm from the transducer surface (automatically measured by the system) (fig 1-3) . The SWV measurements were expressed in m/s. A valid measurement was considered when a numerical value was displayed by the system. For invalid measurements the system displayed ''XXXX''. A successful examination for any given ROI was considered when 10 valid SWV values were obtained.
Saliva testing
Stimulated saliva flow rate test was realized using the Saliva -Check Buffer (GC, Germany) test kit. The stimulated saliva rate flow was quantitatively assessed by asking the patient to chew a paraffin wax pellet for 5 minutes, in order to mechanically stimulate the salivation, and to collect the saliva in a graded standard plastic cup, continuously, for the whole duration of the testing (expressed in ml/min). The normal values, as provided by the test kit manufacturer, were considered to be between 1-1.6 ml/min.
Statistical analysis
For each group the statistical analysis was as follows. The mean value and standard deviation (SD) of SWV were calculated separately for the ten measurements recorded in the subcapsular and central parenchyma ROI. By combining all the recorded SWV values of the homolateral peripheral and central ROI a regional-right and left -mean and SD were derived. The final means of each group were determined by all the SWV measurements recorded inside the group. The values derived from the stimulated saliva flow rate test were compared as means between the two groups. Microsoft Excel 2010 (Microsoft) was used for database management and MedCalc for the statistical analysis. The T two-tailed test with n-2 degrees of freedom was applied to compare the mean values. The level of statistical significance was set at p<0.05.
Results
For the stimulated saliva test a statistically significant difference was noted between the healthy controls (8.9±1.4 ml/5min) and patients (0.8±0.4 ml/5 min) (p <0.0001).
The differences between the glandular volumes of the two groups were also significant (12.02±0.6 ml vs10.3±0.74 ml, p<0.0001), with a higher glandular volume for group A. When multiplying the ten valid measurements obtained in each ROI with the number of ROIs and PGs investigated, a resultant 1200 ARFI measurements were obtained for group A and 800 for group B. The success rate for the acquisition of ARFI data was 100% (details in Table I ).
When taking into account all the measurement recorded in Group A and Group B respectively, the resulted values of SWV (1.54±0.6 m/s vs. 1.76±0.73 m/s), presented a significant statistical difference (p<0.0001).No significant statistical difference was noted with respect to gender (1.52±0.8 m/s in female, 1.58±0.5 m/s in male, p=0.5).
Discussions
ARFI research and clinical applications for superficial structures of the head and neck has been mainly aimed at the discrimination of benignant and malignant nodules. A large proportion of the studies describe the method's diagnostic performance in thyroid cancer [17] [18] [19] [20] [21] . Only a few papers discuss SWV's usefulness in diffuse thyroid pathologies, with moderate results [22, 23] .
Lately, efforts have been made in the evaluation of salivary gland tumours using elastography. Bhatia et al [24] and Dumitriu et al [25] have demonstrated that although parotid malignant neoplasms are stiffer than their benign counterparts there is an important overlap between the real time elastography findings. It seems that salivary gland tumours' stiffness may vary greatly, due to their complex morphology. In other elastography studies that employed the use of SWE, results were similar, benign lesions presented with median values of 18.3kPa (range 0-59.4kPa) and malignant lesions 13.5kPa (range 8-132 kPa) [26] .
Iatrogenic induced PG alterations form a special category of diffuse pathology. Radiation therapy, in particular, applied for the oncological reduction of head and neck malignancies, determines irreversible glandular damage. It initially causes oedema and an acute inflammatory response, which is secondarily followed by fibrosis and gland hypotrophy [27] [28] [29] . Irreversible loss of glandular function will be encountered beginning from doses of 30-40 Gy and the saliva output after therapy is lowered with about 90% [30] . An approximate 80% of the patients that undergo radiation therapy will suffer from xerostomia, which in turn promotes infections of the oral cavity, cavities, dysphagia, speech disturbances and also pain. Overall a decrease in the quality of life is noted [27, 31] .
The SWE technique sheds new light on the evaluation of glandular parenchyma that may be translated into clinical applications in the field of irradiation consequences in post radiotherapy nasopharyngeal carcinoma patients, but there is very little published data concerning this problem. The elasticity of the salivary gland parenchyma probably reflects a combination of factors namely the quantity and quality of salivary glandular tissue, fatty tissue or fibrosis, which may be increased in irradiated glands [10] . The magnitude and the complexity of the affected irradiated parotid represent the motivation to identify quantifiable and reproducible methods for an early, accurate diagnosis.
The most important finding in the present study is the statistical difference in the elasticity of the salivary gland parenchyma between the post radiotherapy group (Group B) and the reference group (Group A). This can be translated as stiffer glandular parenchyma -following radiation therapy induced changes -compared to the healthy glandular structures. This finding concerning the parotid glands is in accordance with the findings of a previous study conducted by our team concerning the increase in tissue stiffness of the submandibular glands after head and neck irradiation therapy with mean SWV values of 2.13 ± 0.52 m/s compared to the control group with mean SWV values of 1.82 ± 0.41 m/s [32] .
Using an identical US system as in our study, Mansour et al described the SWV values in 33 patients with parotid neoplasms. In the unaffected glands, the mean SWV was 1.75±0.64 m/shigher than the values recorded by our study [33] . The patients included were not previously screened, as in our study, for any possible influencing conditions, and no data was provided regarding the number of measurements taken and the site of ROI placement. Another report [34] , describes on a limited number of healthy controls (30 subjects), values of 1.9 m/s for men and 1.78 m/s for women and states no difference among values when gender or age were taken [35] . Our study has proved that in the healthy controls there is no difference between the regional means of the left and right PG, and also none between genders. However, it should be noted that we encountered a significant difference between the values measured in the periphery of the left and right glands. This finding could not be explained by our study protocol, and may be only an isolated finding as there is no proof of different histological compositions among the left and right PGs -nevertheless further attention is required.
Another point worth mentioning is the similarity between the SWVs of the superficial and more profound, central parenchyma. The comparison was made in order to establish if the stiffness of the subcapsular parenchyma is influenced in any way by the fibrous septa, which originate from the parotid fascia and descend into the glandular tissue [36] . Also we considered the comparison necessary due to the ARFI studies regarding liver stiffness, where the ROI's depth of insertion proved to influence the measured SWV [37, 38] .
In Group B the SWV means were quite different between the central and peripheral ROIs of the right parotid and also when compared to their left parotid counterparts. The only exception was due to the similarity of the means measured in the left PG (centre vs. periphery). The regional means of the right and left PGs were consistently different. A concise explanation for these variations is not yet at hand. Possibly confounding facts might be the increase of the gland's radiation sensitivity due to the associated chemotherapy [39] , variation of radiation doses and tissue function.
Our study shows an existing characteristic decay of the saliva volume (0.8-0.4 ml/5 min) in patients who had underwent radiotherapy of the head and neck region. This decay is in accordance with a reduced PG volume (as measured with the US).
As our data points out, ARFI is capable of depicting radiation induced changes in the elasticity of the glandular tissue and the implied morphological alterations of the PG and thus could be of help in understanding the complex mechanisms of xerostomia. This could be further valued in the development, validation and optimization of methods that aim at improving the quality of life -such as intensity modulated radiotherapy. On the other hand, great efforts have been made to develop counteracting, radio-protective medications (aminofostine, pilocaprine and carbacholine, coumarin, adrenergic substances) [40] [41] [42] . ARFI may, in the future, be part of the protocols aiming at evaluating response efficiency [43] . Further studies are required, with a greater number of subjects, for the verification of this hypothesis.
Other arguments that sustain ARFI's potency for the above-mentioned applications are its repeatability and cheapness.
A limitation of our study is due to the relative small sample of healthy controls and patients -which were not matched for age. Regarding the age factor, Scott et al [44] have described that age-related differences of intralobular component tissues of human PGs are consistently seen in the age group of 70-90 years -as higher percentages of adipose tissue (36.8%) and lower percentages of glandular parenchyma (53.3%). The age groups of 17-40 years and 40-69 years share almost identical percentages of adipose tissue (24.5% and 24.8%) and glandular parenchyma (65.8% vs. 64.8%). The percentages of fibrous and vascular structures present only little variation (17-40 years 9.7%, 41-69 years 10.4%, 70-90 years 9.8%). Our study group comprised of subjects less than 70 years and thus the age factor should not have had an impact on the SWV measurements between the groups. Nevertheless further studies are required for establishing the influence of age on glandular stiffness. Forthcoming studies should also address the issues of intra-/inter-observer variability, which was not obtained with our study design. Another limitation is the lack of patient SWV data before and during the different cycles of radiation therapy; therefore, we could not perform a characterisation of the SWV before and during the radiotherapy. Further studies in this direction are needed.
Conclusions
The present study is a consistent step towards filling the void in the field of salivary glands' sonographic elastography. We have achieved, in a preliminary manner, an ARFI examination protocol and the definition of SWVs for a healthy population group. The knowledge of normal values is of great importance in setting the basis for clinical acceptance of the method (in the field). Also we have statistically described the variations between the healthy and irradiated glandular parenchyma's SWVs and observed the increase in tissue stiffness related to radiation therapy changes.
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